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Sources of predictability for Weeks 3-4

u Observations:
u Surface air temperature over North America in winter tends to be anomalously 

warm 10-20 days following the MJO phase 3 (Lin and Brunet, 2009)

u Statistical models:
u The forecast range of North America temperature anomalies can be extended 

beyond 10-20 days especially for strong MJO cases (Yao et al., 2011; Rodney et al., 
2013; Johnson et al., 2014)

u DelSole et al., 2017: 
u The most predictable components of winter precipitation of temperature over the 

CONUS are related to ENSO 

u Other predictable components are related to the MJO



Mid-latitude Teleconnection Patterns
u Do teleconnection patterns of mid-latitude offer any sources of predictability?
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Figure 3. Northern Hemisphere teleconnection patterns for January based on a rotated principal component analysis (RPCA) 
of monthly mean 700 hPa geopotential height  (kindly provided by the CPC). Grey shading indicates negative loading weights 
and contours are marked for loading weights of 0.1,0.3,0.5,0.7 and 0.9 (solid) and -0.1,-0.3,-0.5,-0.7 and -0.9 (dashed). The 
panels show the following patterns: a) NAO, b) Polar Eurasian, c) Eastern Atlantic, d) Scandinavian (EU-1), e) Eastern 
Atlantic/Western Russian, f) PNA, g) Tropical/Northern Hemisphere, h) Western Pacific and i) Eastern Pacific.  

Panagiotopoulos, F. et al., 2002

 6

 
 

Figure 3. Northern Hemisphere teleconnection patterns for January based on a rotated principal component analysis (RPCA) 
of monthly mean 700 hPa geopotential height  (kindly provided by the CPC). Grey shading indicates negative loading weights 
and contours are marked for loading weights of 0.1,0.3,0.5,0.7 and 0.9 (solid) and -0.1,-0.3,-0.5,-0.7 and -0.9 (dashed). The 
panels show the following patterns: a) NAO, b) Polar Eurasian, c) Eastern Atlantic, d) Scandinavian (EU-1), e) Eastern 
Atlantic/Western Russian, f) PNA, g) Tropical/Northern Hemisphere, h) Western Pacific and i) Eastern Pacific.  

 6

 
 

Figure 3. Northern Hemisphere teleconnection patterns for January based on a rotated principal component analysis (RPCA) 
of monthly mean 700 hPa geopotential height  (kindly provided by the CPC). Grey shading indicates negative loading weights 
and contours are marked for loading weights of 0.1,0.3,0.5,0.7 and 0.9 (solid) and -0.1,-0.3,-0.5,-0.7 and -0.9 (dashed). The 
panels show the following patterns: a) NAO, b) Polar Eurasian, c) Eastern Atlantic, d) Scandinavian (EU-1), e) Eastern 
Atlantic/Western Russian, f) PNA, g) Tropical/Northern Hemisphere, h) Western Pacific and i) Eastern Pacific.  



Mid-latitude Variability  
Data adaptive method (MSSA) applied to 500-hPa geopotential height daily 
anomalies between 1979-2012:



North Atlantic Oscillation   
 6

 
 

Figure 3. Northern Hemisphere teleconnection patterns for January based on a rotated principal component analysis (RPCA) 
of monthly mean 700 hPa geopotential height  (kindly provided by the CPC). Grey shading indicates negative loading weights 
and contours are marked for loading weights of 0.1,0.3,0.5,0.7 and 0.9 (solid) and -0.1,-0.3,-0.5,-0.7 and -0.9 (dashed). The 
panels show the following patterns: a) NAO, b) Polar Eurasian, c) Eastern Atlantic, d) Scandinavian (EU-1), e) Eastern 
Atlantic/Western Russian, f) PNA, g) Tropical/Northern Hemisphere, h) Western Pacific and i) Eastern Pacific.  



NAO Life Cycle
P1: Below average 500-hPa heights over Iceland 
and above average heights over the western 
Atlantic

P2: Negative height anomaly retreats poleward 
and positive height anomaly expands westward 
over the eastern U.S.

P3: Negative height anomaly splits into two 
centers and the above normal height anomalies 
reach the west coast of the U.S.

P4: Below average 500-hPa heights near Iceland 
are becoming replaced by positive anomalies 
and the above average heights over the North 
America become replaced by negative height 
anomalies propagating eastward from the North 
Pacific



NAO relationship to Surface 
Temperature

State Climate Office of North 
Carolina
http://climate.ncsu.edu/climate/
patterns/NAO.html
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Surface Temperature Phase Composites

Below average 500-hPa heights over 
Iceland and above 500-hPa heights over 
the western Atlantic
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Surface Temperature Phase Composites
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The Impact of NAO variability on 
Temperature Forecast Skill

u Statistical model using a multiple linear regression model (Harnos et al, 2016):

u Predictors:

u RMM1 and RMM2 for MJO

u 2-week mean Nino 3.4 anomaly for ENSO

u Daily NAO index from the MSSA analysis

u Daily index for linear long-term trend

u Predictants:

u 2-meter Temperature

u Precipitation
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guidance, with the official outlooks having a clear dependency given that they are based on the 
aforementioned guidance.  Figure 5 shows the time series of HSS spatially averaged across the U.S. for each 
of the forecast products over the real-time period.  With the exception of the PM for T2m it is apparent that 
dynamical and statistical guidance tends to cluster closely together on a weekly basis.  Combined with 
Figures 3 and 4, these analyses suggest limited novel information between the dynamical models and 
ENSO/MJO/trend-based statistical guidance for the Week 3-4 timeframe.  An analysis of the correlation 
coefficient at the grid-scale level of the forecast probabilities for T2m and P of the weekly dynamical model 
forecasts with the MLR for the real-time period reveals several broad regions with values ≧0.6 (not shown).  
For T2m these regions vary, and appear closely tied to dynamical model representation of long-term trend, 
while for P the highly correlated regions are focused in the west and south, regions where ENSO has a 
substantial footprint.  Altogether, such analyses suggest limited novel information being provided from 
dynamical model guidance relative to the ability of the ENSO/MJO/trend baseline to characterize variance, 
and instead the model forecasts appear to be largely derived upon the model’s representation of impacts from 
the latter modes of variability.  Future work should seek to explore the utility of dynamical model guidance 
across climate timescales relative to background climate states, such as the three modes explored here at 
subseasonal periods, or ENSO and trend for the seasonal timeframe.  
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Fig. 5  Time series of U.S. averaged HSS for T2m (left) and P (right). 

Fig. 4   As in Figure 3 but for P. 
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Maritime Continent  
or Western Pacific

u Neutral ENSO years

Skill degradation:

u Boreal Summer

u MJO over the Indian 
Ocean

NAO Impacts on Week 3-4 U.S. 
Temperature Forecast



Conclusions

u The mid-latitude variability is characterized by propagating oscillations with 
periods of 120, 45, and 25 days

u The 120-day oscillation resembles the canonical NAO pattern

u The life cycle of the 120-day oscillation has an impact on the surface air 
temperature over the U.S.

u The daily variability of NAO can enhance the week 3-4 forecast skill of 2-m 
temperature over the U.S. 


